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(54) Inverter apparatus for supplying drive power to an electric motor, and filter apparatus for use 
in the inverter apparatus 



(57) A filter apparatus (8) has a current-detecting 
coil (L 3 ). The coil detects a high-frequency leak current 
flowing from the phase-windings (123r, 123s, 123t) 
of a motor (120) to the earth terminal (E) through the 
closed case (11 1 ) of a compressor (1 01). A current-can- 



celing circuit (30) generates a current (l 2 ) similar in 
waveform to the high-frequency leak current (l^ 
detected by the coil (L 3 ). The current thus generated 
cancels out the high-frequency leak current (l^. 
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*^*^S££ re,at6S to a " 
lessor, and J^itSST" aPPara,US na ™9 a 
'"verter apparatus 80 to a f,l,er apparatus for use in the 

Si £'3SE?2r" SUCh 35 - air co, 

ani^erapparaSfoS^ 5 f C ° mpressor «d 
Porated in the compre^T 9 the e,ectric m °tonncor- 

^^^JSSji • D * ecu,, and i 
a commercially available £^ tne vona & of 

voltage, converting the SWi,Chi " 9 0n ,ne °C 

voltage. The high ,^ ue ^ 0te f ,0 a hi 9h-frequency 
- drive power, to S* ^SKj?* * SUPP,ied ' as 
compressor. C mo,or '"corporated in the 

[0004] The compressor cr,™ ■ 

made of metal (e.g.. iron) C 7116 c,osed case is 

f ^erm,a,for?hes°a];e:X e,SMnne ^ tothS 

^ing fhree^Xs US?" ° C 
(generally known as X, :' ectrostat,c capacitance 
between the closed case Te t^^^ ejdste 
the Phase-windings. % m e * te ™' na,) and 

fwrtching the DC voltage Z^T, 9 C ' rCuit °P er ates. 
'eak cunent having a T the DC a 
(MH^ftowsfrom^VpStS 0 ' Several m agahert z 
na| Piase-w.nd.ngs to the earth termi- 

P^t^c^Ks Kisr die,ec,ricai ' v 

™e leak current may aXe sefvi^' 6 ^ 
the inverter apparatu a^ Z '™" ,he Confro1 * 
electric appliance, the b£^J^ n eTOre in 0, her 
[0007] To reduro th ^ me ,lke - 

choke coils may be pmvid^T"^ '** »»•* 
that connect the output ofS? in condu ction lines 
electric motor. MeZtivl* 1^ aPParatus to the 
the inverter apparatus^ of 
Pose. If choke coils are la, °? ** for "» «"» pur- 
«c"lt to reduce ft e ^ iD P n t ded - tewever '^till dif- 
sufficientlywhenmeswitclKS,"^ ^ CU ""« 
.apparatus increasesTtfJ sw 5 * the inver,er 
•"verter apparatus, i, will be "^"cy of the 

Performance of the coZeST^ ,0 enhance *• 
™; e «gerating efficiency ' reSU,t,n9 in an ^e- 
IO008J The object nf th/"- 
•nvert er apparatu '"vention is , 0 provide an 

having a compressor which hi apparatus 
-hich can be manufectut < l tow * ^ 
Vet reliably reduce the^klu r f c an 
eveni, tneswitcn ingfrCenTolr thea,mpressor 
high. y equenc y°' the swrtching circuit is 



contained in a closed 
which is connected to the^ou^Tn? ' 
t"s comprising: a DC drcufl tor^' merter a PPara- 
an AC power supply 3 T^™™" 9 a of 
s for switching an I' circuit 
to convert the sameto 52? f ° C,rcuit - thereby 

the motor; a noise-removinn f * ,ve power for 
necting the DC circuSm I 0n " nes «>n- 

10 having coils; a cune^Xin CirCUit - 106 "ter 

ter. for detecting TS^SS^ m *• «" 

windings of ■• -ol^SS^^^ 
case, and characterized h * , throu9n th e closed 
thinner than J« SS L J? " made 01 a wire 
that the coil haslsTw 1 1°' the fater and/or 
«ter; and a curren^c^T — ^ the Coi,s of «» 
current similar in wave^mSl for 9ener at-ng a 
^ the curren KtaSffS T "* eun-nl detec ^ 
current, the currenTc^n for . Cance " n 3 out the leak 

terminal which JSSSiS* ^ a " «** 
[00107 Thio nected to the ground. 

»on may also be e „Z^L~« 80 that the inven- 
features. combination of these described 

CL ^Sil^i?: 6 ^ -oer stood 

^-- a ^;^r^ c ; 

Fir5 1 : ,. 
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tothein:^ 0 " 9 '^^ 8 ^^ 

'aak curtn/g^STn I"? " WH ^ 
the invention; " each e "*odiment of 

b'Sn^^^thecar^ling^ 

to the earth terminal E when ™ ' 3 ,,owin 9 

the high-frequency lefktu " hm ' 2 ^a' 5 

ment of the invention ' m eacn er "hodi- 

ton; ^ "loooiment of the present inven- 

Stn in FiSI, VieW ° f S6C0nd apparatus 

S^t^S^T - *. core stand 
F| G. 10 is an eSZ^^ 9 Sh0Wn in F 'G 7; 
.apparatus *JS * 

'nvention; ach em t»d'ment of the 

Sti i Vsire^ ,i,terappara,us *~ 

invention; arnbod.ment of the present 

"a«H.*« view of thefilter apparatus inoor- 
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porated in a third embodiment of this invention; 
FIG. 13 is a front view of the filter apparatus incor- 
porated in a fourth embodiment of the present 

invention; 

FIG. 14 is a side view of the filter apparatus illus- s 
trated in FIG. 13; 

FIG. 1 5 is a plan view of the base of the core stand 
provided in the filter apparatus shown in FIG. 13; 
FIG. 16 is a front view of the filter apparatus incor- 
porated in a fifth embodiment of the invention; 10 
FIG. 17 is a front view of the filter apparatus incor- 
porated in a sixth embodiment of the present inven- 
tion; 

FIG. 18 is a front view of the filter apparatus incor- 
porated in an eighth embodiment of this invention; 15 
FIG. 19 is a front view of the filter apparatus incor- 
porated in a ninth embodiment of the present inven- 
tion; 

FIG. 20 is a front view of the filter apparatus incor- 
porated in a tenth embodiment of the invention; 20 
FIG. 21 is a plan view of the base of the core stand 
provided in the filter apparatus shown in FIG. 20; 
FIG. 22 is a front view of the filter apparatus incor- 
porated in an eleventh embodiment of the invention; 
FIG. 23 is a front view of the filter apparatus incor- 25 
porated in a twelfth embodiment of this invention; 
FIG. 24 is a front view of the filter apparatus incor- 
porated in a thirteenth embodiment of the invention; 
FIG. 25 is a side view of the filter apparatus shown 
in FIG. 24; 30 
FIG. 26 is a plan view of the base of the core stand 
provided in the filter apparatus shown in FIG. 24; 
FIG. 27 is a block diagram showing the control cir- 
cuit incorporating an inverter apparatus according 
to a fourteenth embodiment of the invention; and 35 
FIG. 28 is a block diagram showing the control cir- 
cuit incorporating an inverter apparatus according 
to a fifteenth embodiment of the present invention. 

[0012] The first embodiment of the invention will be 
described. 

[001 3] FIG. 1 shows the refrigeration cycle relating to 
the first embodiment. The refrigeration cycle comprises 
a compressor 101, a condenser 102, a pressure 
reducer 103, and an evaporator 104. The pressure 
reducer 103 is, for example, an expansion value or a 
capillary tube. The compressor 101, condenser 102, 
device 103 and evaporator 104 are connected by pipes, 
constituting a loop. The refrigeration cycle thus formed 
is filled with refrigerant. 

[0014] As shown in FIG. 2, the compressor 101 com- 
prises a closed case 111 made of metal. A suction pipe 
1 1 2 is connected to the lower end part of the case 111. 
A discharge pipe 1 1 3 and a terminal 1 14 are connected 
to the top of the case 111. The compressor 101 further 
comprises a motor 1 20 and a compressing section 1 30, 
which are contained in the closed case 111. The motor 
120 is provided to drive the compressing section 130. 



[0015] The motor 120 is a brush-less DC motor com- 
prising a stator 121 and a rotor 122. Three phase- wind- 
ings 123r, 123s and 123t are wound around the stator 

121 . The rotor 122 is comprises a number of steel discs 
and permanent magnets (for example, four magnets). 
The steel discs are piled one upon another, forming a 
cylinder which has an axial hole. A shaft 124 extends 
through the axial hole of the cylinder composed of the 
steel discs. The permanent magnets are embedded in 
the cylinder, surrounding the shaft 124. 

[0016] An electric current is supplied to the phase- 
windings I23r, 123s and 123 sequentially and repeat- 
edly, thus accomplishing commutation. As a result, the 
windings 123r, 123s and 123t generate magnetic fields, 
one after another. The magnetic fields interact with the 
magnetic fields of the permanent magnets in the rotor 

122, generating a torque in the rotor 122. 

[0017] The compressing section 130 has a main bear- 
ing 131, a sub-bearing 132, and a cylinder 133. The 
main bearing 131 and the sub-bearing 132 support the 
shaft 124. The cylinder 133 is clamped between the 
bearings 131 and 132 and loosely mounted on the shaft 
124. The shaft 124 has an eccentric part 124a, which is 
contained in the cylinder 133. A roller 134 is mounted on 
the eccentric part 124a. A compression chamber 135 is 
defined between the outer circumferential surface of the 
roller 134 and the inner circumferential surface of the 
cylinder 133. The compression chamber 135 communi- 
cates with an inlet port 136, which in turn communicates 
with the inlet pipe 112. The cylinder 1 33 has a discharge 
port (not shown), which connects the compression 
chamber 1 35 to the upper part of the closed case 111. 
[0018] When the rotor 122 of the motor 120 rotates, 
the shaft 124 rotates. The roller 134 provided in the 
compression section 130, which is mounted on the 
eccentric part 124a of the shaft 124, is rotated, generat- 
ing a negative pressure. Refrigerant is thereby drawn 
into the compression chamber 135 through the suction 
pipe 112 and compressed in the chamber 135. The 
refrigerant compressed is supplied through the dis- 
charge port (not shown) into the upper part of the 
closed case 111. The refrigerant is further supplied to 
the condenser 102, first through the discharge pipe 1 13 
and then through the pipe connecting the compressor 
101 and the condenser 102. 

[0019] Lubricant oil 140 is contained in the bottom of 
the closed case 111. The oil 1 40 performs two function. 
First, it lubricates the mechanical components of the 
compression section 1 30. Second, it cools the compres- 
sion section 130. 

[0020] An inverter apparatus shown in FIG. 3 is pro- 
vided to supply drive power to the motor 1 20. As shown 
in FIG. 3, the inverter apparatus comprises a first filter 
apparatus (low-pass filter, or generally known as "line 
filter") 2, a DC circuit 5a. a switching circuit 13, a cur- 
rent-canceling circuit 30, and a current-detecting coil L 3 . 
The first filter apparatus 2 is connected to a commer- 
cially available power supply 1 . The DC circuit 5a is con- 
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Prevents a high-freqteS i,?!** f " ter W«*2 

smoothing capacrtoT^e S* 85 fi,ter > 8. and a 
diodes 6a connected fcrS. ^ * C,rcuit 6 "as four 
terapparaiussrcSnSr^ ™e second «,- 
^rcuit 6. for remo ^ ^ t0 2 ^^of the rectifier 
10 is connected to the oZt Jl Sm00thin9 ca P*«°r 
ratuss. ThusstructurJ^ D c^r dWera PP a - 
voltage applied from Z> C ' rcu,t 5a co ^erts the 
«*age. The^Jo' ™ e ^ SUPP ' y 1 t0 a DC 
the switching cS a ™ rt 5a * connected to 

T0023J These^LTl'T ? edesc "bed later, 
me core 9 and .^^T^f 8 ^ises a fer- 
L 2 are copper synchmrl 1 ^ The 001,8 Li and 

arourKttheXrfteSrfrSfjr^ bo,h wo ""° 
vided on DC lines PandN ? Ll and L * ar « pro- 
N connect the T^Z??^* > P and 
13. Assume that a n 0 £T£ ! 9 SWrtohin ° 

closer to the foad than T L fi r erated * 3 P 08 * 0 " 
noise current flows frZ T ^ratus 8. Then a 

co« L,. which sZxZ '^'r' 0 * »* 
rent flows bacJ through ^Sf T J* TOiSe CUr " 
magnetic fi eW . ™ "J, 1 *; generates a 

other. Thus. nighre7u e n?r s ?/ ,e,dS »"* eaoh 
celed. ^ encyno,se components are can- 

Sng e^eTsS, ftit 9 - 
power transistors perform swl£T ^"sistors. The 
applied from the DC^T^°P tne D ° voltage 
DC voltage to a threeSas? hi f V COnVertin9 tne 
"The three^hase high-frCe^ eQUenCy V0,teaa 
the switching drcurt 13 ™* V °' ta9e ,s 0ut Put from 

motor 120 through co2„ f ' 3Sand 123 of the 
respectively. TtJUSES^S" ^V 5 * a " d ,5t ' 

^SeTe^S 006 ° **> ^ - 
0-e.. the earth terminal 1h !" the c,osed case 

'^^Sr.iaasarS ^^CnT * " * e P^nd- 
a common mode votage is nl? ^ 120 « driven, 
earth terminal E and jheSm™ ^ between »• 
Endings 123 , 123s ; h n 7^ mo " PO-nt Poof thephase- 
capacitances C A comll ° uan ,ne electrostatic 
'rom the commo n S 1^ ' is derated 
Phase-windings 123^^5" " 0WS from »» 
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detect the common mode r„rr« ,■ 

Q"encyleakcurren,l,,.SeStl , t f-- the high " fre - 
'«* one of the following at 

wre thinner than the wTfc ^ F,rst ' ft fe made of 
5 ^ 01 fta second Sl^^^L, and coi, 
Krns than the coils l/SSSl f^"*' " has ,ess 
^ratus 8. The cur^SS 2 ° f the second «»er 
termined inductenceTfot^^ 3 has a <"*- 
W028] The currenf ~ f ^ 6 ' 100 mH or more. 
» a ^«ercirc^^^^ 

resistors 36 and 37 Ttlelml CapaCit0r 3S " and *» 
transistor 32 and a PnS^** C,rcuit nas a " NP N 
amplify me ou»j£E£^? 
1* ^ar^HiercS^^rrt-^ectingco,-, 
« Put voltage of the DC cS & t1° T** bv ,ne «* 
vided for Preventing aZe^l! **• 34 are P r c- 
f>rst diode 34 is conned S£ eCfr0motive force. The 
emrtterof toelransi .; n r ^f between fte collector and 

nected between AeS£^ f"" diode 34 is con- 
- for 33 . ThecapaStlst^^^^ebansis- 
component and has a cUS^f fof : emovi "9 a °C 
^c capacitances C S eS hT' t0 the e,ectr °- 
«se HI and each of 2 ,25 ^ ee " 816 dosed 

current I,. The current ^ f ebl9h " freauen cyleak 

30 ^uency leak current! ^ 0ut tne hi 9h- 

3 ° has an oulput t^n^ZTJ™^ ^ 
the earth terminal E ch ,s connected to 

35 are connected in serieL h c * 8c *w 7a and 7b 

whichconnectthereScS^" 68 P and N 
apparatus 8. C ' rcurt 6 and the second fitter 

40 11aa ndllbareconSin« Ses K 7Tlese capacitors 
P and N which rne?? e s S^ ^ DC " nea 
and the switching circuft 13 flfter *PWtus 8 

f°032] The controller 2nt 

air conditioner. *" the 

« receiver 22 and a drivTc^L! P ,Ure Sensor 21 - a 
to the controller 20 arcurt 23 «re connected 

toned by the * c£!££ '* l ° be air -^i- 
50 *" a infrared rays emSS frl^" 22 reca 'Ves 

remote-contro, type. Z ^ 24 0f 

for setting operating condrfoS 1 tranSmte data 
■n the form of infrar^ TrTys * he a,> ^oner. 
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alsoP ^ control (PV^conUd) on ^oo-period 

duty) of each peer ^ e 
[00351 The operation of the system oe 

will be described. operated, setting a 

r.00361 ^^Jl^ ^nH 24 is further 
desired indoor temperature Ts^ne -^e 

operated. - Jjj - J n .^oS>ut of the etching 
SW rtchmgc.rc U .t13»srtrwe difference AT 

circuit 13 dnves the Ta aetecte d by the 

between the indoor ^ the desired tempera- 

indoor temperature sensor 21 anc tn ^ ^ 

ture Ts set by the. 3£2k2£*«* « * control- 
switching frequer«y onhe^chjg 

led in accordance with Ihe « JJJJ^ ^ ^ cir cuit 13 
l0 037] Whentne^rt^ngtrwe » ^ 120 

Is changed, the "J^Si* ^ 01 
changes. The chan9e '"^ in °he performance of the 
motor 120 results .n a c ^^'" !^ redU ceston«. the 
pressor 1 01 • ^^"^T^e motor 120 
aching circuit compressor 101. 

stops. '" te ^^*Sl3^tates.acommon 
[00381 As the swrtching « f curti^ I ^ earth terminal 
mode voltage is ^^^^nase^ndings 123, 
Hand the ~^^^ e ° e ^ rt rostatic capacitances 
123 s and 1231. through fre ely uency 

,eak current l n * to the earth term- 

pnase-^ngs 123. . 123s and nces C . The 

nal E trough ^ ^ °* a waveforrn as .s 

common mode current >» 
shown in FIG. 4- leak current li dielectrically 

[0039] Thehigh-frequency ,'^Sbfe p^wer supply 1- 
tiowstowardthecommer^^^ 

The leak current ^^ S ^ U se errors in other 
the inverter appals and mjy cau ^ ^ ^ 
electric appliance, the broker an ^ ^ 

current is made which is propor- 

rent-detecting coil U 3 detecsauu output 
tfonal to the ^ 
vo«age of the ^ Jcurrent l 2 

Zc Lent h . as is illustrat* l« Fft * ^ 
(0040] ^^reSStSlEtcXffhecu, 
it tends to flow from «m >eann Btapol arityand 
rent-canceling crcurt 3a Duetott jp , requency 

reform of the ^'^^J^ed into the cur- 
,eak current I, • the current l 3 flowingto 

current is --^J 2SJ?« of the leak cur- 
ated whose waveform is «wn ^ wrtn 

rent and the leak current £ '^ h V frequency ,eak 
the canceling current £™* H the switching 

current I, can be J 1S nigh . It follows 

frequency of the sw.tch.ng cram 



^t the switching IW-JJ M< ^.y influ- 

increased as ™ch as d^ e ^ Apparatus and without 
enc^thecaitroldfre^er^^ ^ ^ ( 

causing errors m °^ er r f,he oXmance of the com- 
and the like. Furthermore *e_ Pjj> enab ,i ng the 

pressor 101 can be erW^^ efficiency. 

[0042] The refrigeran ^^J* electrically 
may be HFC refrigerart oil ^ed in the 

insulating property and ttejub "^J^^nas 
compressor 101 high-frequency leak 

SSSSSSSS^ refrigerants 
ester oil (or ether oil). lea k current I, is thus 

[0043] Oncetheh,g^uency^ romagnelic 

redUCed ' '* 1uS StT-Si appearing on the 

Sow, Since the current-detectrng i co « 3 
wTi-ert^h^re^^^ ^ 

L* of the second ^iS^oSoffhe inverter appara- 
increasesthe manufactunngcos^ ^ ^ c0 „ s 

may fail to remove no.s « < as muc « 
Jl. can detects '* e n ^S function of the 
^out impa.r.ng * e = " Wee it has an inductance 
second fitter apparatu ' S.because ^ 
0,, for example, 100 jjH onjj* as ma f- 
[0046] The ^ISMScapacitor 35 which has 
canceling current l 2 , *™f£%£&c capacitance 
a capacitance equal the phase-windings 

between the closed case 1 for amoving 

123r, 123s and t23t andwh.*'^ , 35 ^ 

a DC component. "^^2wn very similar to the 
canceling cuhent J 2 hasa wave ^ Hence 

removing resistor with the second fitter 

Therefore, the crcurt 30 w n effide n C y. 
apparatus 8. removmg noees 7a and 7b 

S«481 ^« n ^iSSS oXes P and N con- 
are connected in ser.es between u ^ 13 
necting the rectifier crcurt 6« JJ* « ^ fitter 
and are located above, too, the 
apparatus 8. Further as ^me ^ jn 

capacitors 11a and rm a on the output 

b^eenDCHnesParrf^areto^ ^ 

tlT-TS aSS^ease the eff to iency of 
removing noises. 
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of fhe apparl s ^rl 6 - SideVieWanda P ,a " 

necfion terminals £ aXf™ °° ' ine R ^ 
^ the coil L 2 , 42IS?1S » to the e "* 

line N. ^ecnweiy, and are provided on the DC 

has one turn or mowTm. r Unba,anced current) I, 

and 8f are conneZ^^ZZ^ termina,s 8 « 
'"9 'coil L 3 , ^ <he current-detect- 

and 8f are also conSeJ? ^^ nneCt, ° n ,ermina,s 8e 
curt 30. co " n acted to the current-canceling cir- 

f 0052] The ferrite core 9 of the second «» 
8 is nng-shaped. The core 9 I? a „w f 00 ^^ apparatus 
board (PC board) °" the drcuit 

cisely. the core 9 ™* 
means of a core stand t o^ 1 C ' >Cuit "card by 
stand 10 cc^pnstT^O.?^': ™* 
101 and 10J. The lower hoJ™ t "° ho,din 9 P 3 ^ 
cally from the baseToH ^ Part 10 ' extends ve * 
connected to the ta h0ldln9 part 10J is 

extends upwards Selom Si P3rt 101 •* 

holds the lower partofteferr^ ^ h0Win9 ™ 
holding part laKSe^^ 9 ^''' 6 ^ W 
9- The base 10H of the w " ° f ferrite core 
P'ate. As Fig 9 JS^tZ^ 6 10 is ^aped like a 
notches io. f0 w Zm ^Z 10H haS four U ' 
shaped connecton terminitT^ 33396 0f *• «*■ 
[0053J The second JZ^ fo 84 res Pectively. 
«on will be deSS wt^r" 1 ° f ** present ^en- 
r0054l PiftTi u rth refer ence to FIG. 1 1 

Kan Ll^S^T^^'us incorpo- 
embodiment. Thfs STX^" 0 ^ to "* "°« 
threerespects-FirsirnnS,^ 5 * Cn3racter *ed in 
male-type ones Sect^i^ term,na,s 8e ar, d Stare 
circuit has the circuit board 30pc of a DC 

«he connec,r,;S,sTSr ^ ^ ™' d 
connectors 30e and ■** « 3 6 ,nserted in the 
easy ,o incorpo^a cL^f'^ " is ^refore 
«»er apparatus 8 « S2S?*7! La int ° the 
tOOSSJ Except SthTS? C °" L3 ^O" 1 
second emboXTnt s J^ 'f. menti ° ned *^ the 
in structure. * dent ' Cal to «rst embodiment 

ment. As shown'S ?,G ^ 9 10 ** **" ernbodi - 
"action terminals 8e and fa ? JT"?* 8 has con- 
connectors 8e and sTare^ cureJJ^ ^ ' ^ 
■ng part 1 0J of a core ata??^- 6 top of the hold- 
dered at one endto ,ines 39 are sol- 

end to the circuit board 30pc of a DC 
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structure. «entical to the first embodiment in 

^SJSS^^ " - he 
13 is a front view Z 7ZZ ° ^ 13 ' 14and 1S - FIG 

WL 14 JSSJ^SS? 106 fourth embodiment. 
'5 is a plan ^SSfSfgZ** *' ^ 

P^edin ft efH,era Pp a^r° ftheCOreSland 10 
10060] As shown in FIG 

" tus 8 has rod-shaped cSn£Z7 ' 6 fltor appara ' 
*hich are connaSta -ST* 86 ^ 8f ' 
in 9 coil L 3 . respectivelv Th! t °' ** C"rrent-detect- 
10 has a paTSiS ^ Se10Ho,thec ore stand 
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member 1(ty the current-detecting coil L 3 is completely 
insulated from the coils L-j and L 2 . The coil L 3 can there- 
fore detects noises and a high-frequency leak current l 1( 
with high reliability. 

[0070] Except for the features mentioned above, the 
sixth embodiment is identical to the first embodiment in 
structure. 

[0071] The seventh embodiment of the invention will 
be described. 

[0072] According to the present invention, the means 
for insulating the current-detecting coil L 3 from the coils 
L, and L 2 is not limited to the holding members lOx and 
I0y. In the inverter apparatus according to the seventh 
embodiment, the current-detecting coil L 3 may be made 
of a wire in an insulting sheath. Instead, partitions may 
be provided to insulate the coil L 3 from the coils L| and 
L 2 . Alternatively, a plate having holes may be provided, 
guiding the current-detecting coil L 3 through the holes 
and spacing the same away from the coils L-, and L 2 . 
[0073] The eighth embodiment of the invention will be 
described, with reference to FIG. 18. 
[0074] FIG. 18 shows the filter apparatus 8 provided 
in an inverter apparatus according to the eighth embod- 
iment. As shown in FIG. 18, a current-detecting coil L 3 
is provided, corresponding to the lower holding part 101 
of a core stand 10. The lower holding part 101 connects 
the base 10H of the core stand 10 to a lower part of a 
ferrite core 9. The part 101 also holds the ferrite core 9 
upright. The base 10H has U-notches 10e and 10f in the 
vicinity of the lower holding part 101. Rod-shaped con- 
nection terminals 8e and 8f are held in the U-notches 
I0e and 10f, respectively. A holding member 10Z in the 
form of an inverted Y is provided, holding the current- 
detecting coil L 3 and spacing the same from the coils L, 
and L 2 . 

[0075] The current-detecting coil L 3 can be made 
shorter. Further, the base 10H of the core stand 10 can 
be made as small as is desired, though the current- 
detecting coil L 3 is secured to it. 
[0076] Except for the features mentioned above, the 
eighth embodiment is identical to the first embodiment 
in structure. 

[0077] The ninth embodiment of the invention will be 
described, with reference to FIG. 19. 
[0078] FIG. 19 shows the filter apparatus 8 provided 
in an inverter apparatus according to the ninth embodi- 
ment As shown in FIG. 19, the base 1 0H of a core 
stand 10 has a part extending sideways. Transistors 32 
and 33 and capacitor 35, which constitute a current- 
canceling circuit 30, are attached to the extending part 
of the base 10H. Thus, the current-canceling circuit 30 
is integral with the filter apparatus 8. In other words, the 
filter apparatus 8 has a current/noise-canceling section 
and can be handled as a single part. 
[0079] Except for the features mentioned above, the 
ninth embodiment is identical to the first embodiment in 
structure. 

[0080] The tenth embodiment of this invention will be 



described, with reference to FIGS. 20 and 21 . 
[0081 ] FIG. 20 shows the filter apparatus 8 provided 
in an inverter apparatus according to the tenth embodi- 
ment. FIG. 21 is a plan view of the base 10H of the core 

5 stand 10 provided in the filter apparatus 8. As FIGS. 20 
and 21 show, the base 10H of a core stand 10 has a 
part extending sideways. Transistors 32 and 33 and 
capacitor 35, which constitute a current-canceling cir- 
cuit 30, are attached to the extending part of the base 

10 10H. Thus, the current-canceling circuit 30 is integral 
with the filter apparatus 8. It is therefore possible to con- 
nect the output terminal 30a of a canceling circuit 30 to 
a circuit board 40pc. by soldering a signal line 38 to the 
circuit board 40pc. 

is [0082] Except for the features mentioned above, the 
tenth embodiment is identical to the first embodiment in 
structure. 

[0083] The eleventh embodiment of the present inven- 
tion will be described, with reference to FIG. 22. 
20 [0084] FIG. 22 shows the fitter apparatus 8 provided 
in an inverter apparatus according to the eleventh 
embodiment. As shown in FIG. 22, the output terminal 
30a of a canceling circuit 30 to one end of the signal line 
38. The signal line 38 has a connector 38a at the other 
25 end. The connector 38a is connected to a circuit board 
40pc. Hence, the output terminal 30a is electrically con- 
nected to the circuit board 40pc. 
[0085] The twelfth embodiment of this invention will be 
described, with reference to FIG. 23. 
30 [0086] FIG. 23 illustrates the filter apparatus 8 pro- 
vided in an inverter apparatus according to the eleventh 
embodiment. As shown in FIG. 22, a signal line 38 is 
connected at one end to a circuit board 40pc. The signal 
line 38 has a connector 38a at the other end. The con- 
35 nector 38a is connected to the output terminal 30a of a 
canceling circuit 30. Hence, the output terminal 30a is 
electrically connected to the circuit board 40pc. 
[0087] The thirteenth embodiment of the present 
invention will be described, with reference to FIGS. 24, 
40 25 and 26. 

[0088] FIG. 24 shows the filter apparatus 8 incorpo- 
rated in an inverter apparatus according to a thirteenth 
embodiment of the invention. FIG. 25 is a side view of 
the filter apparatus, and FIG. 26 is a plan view of the 
45 base of the core stand provided in the filter apparatus. 
As shown in FIGS. 24, 25 and 26, the base 10H of a 
core stand 10 has a part extending sideways. A chip 
300 is mounted on the extending part of the base 10H. 
The extending part has a U-notch 10g, in which a rod- 
50 shaped output terminal 30a is inserted and held. As a 
result, the filter apparatus has five terminals, i.e., one 
output terminal 30a and four connection terminals 8a, 
8b, 8c and 8d. 

[0089] Except for the features mentioned above, the 
55 thirteenth embodiment is identical to the first embodi- 
ment in structure. 

[0090] In the first to thirteenth embodiments described 
above, the filter apparatus 8 is provided on a single- 
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more phases. Provided on a l.ne of three or 
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output voltage of a DC circX 5f ><M& than the 
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rent (l 2 ) generated in the current-canceling circuit 
(30) is output through the capacitor (35) and the 
noise-removing resistor (36). 

4. An apparatus according to claim 1 , characterized s 
by further comprising a noise-removing, grounding 
capacitor (7a, 7b) provided on the lines (P, N) con- 
necting the DC circuit (5a) and the switching circuit 
(13) and located on an input side of the filter (8). 

10 

5. An apparatus according to claim 1 , characterized 
by further comprising a noise-removing, grounding 
capacitor (1 1 a, 1 1 b) provided on the power lines (P, 
N) connecting the DC circuit (5a) and the switching 
circuit (1 3) and located on an output side of the filter is 
(8). 

6. An apparatus according to claim 1, characterized 



7. 



8. An apparatus according to claim 1 , characterized in 
that the filter (8) has a core (9) and coils (L 1( L2) 35 
mounted on the core (9) and provided on the lines 

(P, N) connecting the DC circuit (5a) and the switch- 
ing circuit (13), and the current-detecting coil (L 3 ) is 
mounted on the core (9). 

40 

9. An apparatus according to claim 8, characterized 
by further comprising a circuit board (30pc) and a 
connector (8e, 8f) connecting ends of the current- 
detecting coil (L 3 ) to a circuit board (30pc). 

45 

10. An apparatus according to claim 8, characterized 
by further comprising a circuit board (40pc), con- 
nection terminals (8a, 8b, 8c, 8d, 8e, 8f) provided at 
the ends of the coils (L 1 , L 2 ) of the filter (8) and at 

the ends of the current-detecting coil (L 3 ), and a so 
member (10) holding the connection terminals (8a, 
8b, 8c, 8d, 8e, 8f) and securing the core (9) to the 
circuit board (40pc). 

1 1 . An apparatus according to claims 8, 9 and 1 9, char- ss 
acterized by further comprising a holding member 
(10x, 10y) spacing the coils (L^ , L2) of the filter from 

the current-detecting coil (L 3 ). 



12. A filter apparatus (8) for use in an inverter appara- 
tus for supplying drive power to a motor (1 20), char- 
acterized by comprising: 

a core (9); 

coils (L 1f L2) mounted on the core (9) and to be 
provided on lines (P, N) incorporated in the 
inverter; and 

a current-detecting coil (L 3 ) connected 
mounted on the core (9) and having ends con- 
nected to a circuit board (40pc) of the inverter 
apparatus, for detecting an unbalanced cur- 
rent. 

13. An apparatus according to claim 12, characterized 
by further comprising a connector (8e, 8f) connect- 
ing ends of the current-detecting coil (L 3 ) to a circuit 
board (40pc). 

14. An apparatus according to claim 12, characterized 
by further comprising connection terminals (8a, 8b, 
8c, 8d, 8e, 8f) provided at the ends of the coils (L 1t 
L^) and at the ends of the current-detecting coil 
(L 3 ), and a member (10) holding the connection ter- 
minals (8a, 8b, 8c, 8d, 8e, 8f) and securing the core 
(9) to the circuit board (40pc) of the inverter appara- 
tus. 

15. An apparatus according to claims 12, 13 and 14, 
characterized by further comprising a holding mem- 
ber (10x, 10y) spacing the current-detecting coil 
(L 3 ) from the coils (L 1f L2). 

16. An apparatus according to claim 12, characterized 
by further comprising: 

connection terminals (8a, 8b, 8c, 8d, 8e, 8f) 
provided at the ends of the coils (L 1f L2) and at 
the ends of the current-detecting coil (L 3 ); and 
a holding member (10) having base provided 
on the circuit board (40pc) of the inverter appa- 
ratus, a core-holding part (101) standing on the 
base (10H) and holding a lower part of the core 
(9), keeping the core (9) upright and notches 
(10a, 10b, 10c, 10d, 10e, lOf) made in the base 
(10H) and receiving and holding those parts of 
the connection terminals (8a, 8b, 8c, 8d, 8e, 8f) 
which are located near the core-holding part 
(101). 

17. An apparatus according to claim 16, characterized 
in that the current-detecting coil (L 3 ) is mounted on 
that part of the core (9) which corresponding to the 
core-holding part (101). 

18. An apparatus according to claim 12, characterized 
by further comprising: 



An apparatus according to claim 1, characterized 
by further comprising a metal housing (16) contain- 
ing or supporting the DC circuit (5a), the switching 20 
circuit (13), the noise-removing fitter (8), the cur- 
rent-detecting coil (L 3 ) and the current-canceling 
circuit (30), and connected to the output terminal 
(30a) of the current-canceling circuit (30). 

25 

An apparatus according to claim 1 , characterized 
by further comprising a DC circuit (5b) for convert- 
ing the voltage of the AC power supply (1) to a DC 
voltage lower than the output voltage of the DC cir- 
cuit (5a) and for outputting the DC voltage as an 30 
operating voltage of the current-canceling circuit 
(30). 



19. An apparatus according to daim 12 rh= - • 
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(57) A filter apparatus (8) has a current-detecting 
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